The aim of the present study was to compare mandibular neurovascular canal anatomy in human and great apes by using cone beam computed tomography (CBCT). The anatomical variability of mandibular neurovascular canals (mandibular, incisive and lingual canals) of 129 modern humans and great apes (Homo, Pan and Gorilla) were analyzed by linear measurements on CBCT images. The Kruskal-Wallis non-parametric test and Dunn's all pairs for joint ranks were applied to compare the variability of mandibular canals among these groups.
Introduction
The anatomy of the human mandible has been widely studied by means of advanced imaging technologies such as cone beam computed tomography (CBCT) [1] [2] [3] [4] , which is able to provide accurate, essentially immediate and non-invasive 3D radiographic images of teeth, soft-tissues, nerve paths and bone structures in the craniofacial region. With the growing morphology studies using 3D imaging in vivo or in vitro, in combination with increasingly sophisticated computer graphics applications, it also shows potentials of CBCT in the application of comparative anatomy, anthropology and forensic medicine for paleontologists [5] [6] [7] .
Mandibular anatomy has been revisited by 3D
imaging with a focus on the mental foramen [8] , mandibular canal [9, 10] , incisive canal [11] [12] , lingual canal [6, [13] [14] [15] . Although the mandibular form may reflect functional adaptation to forces experienced during mastication [16] , the mandibular neurovascular canal has been considered as the most stable structure guiding mandibular development [17, 18] . It thus may be a relevant structure to indicate nerves intra-and inter-specific patterning related to mandibular anatomy.
Furthermore, it was considered that the diversities related to nerves are cranial discrete traits of the modern human skull [19] . These anatomy variations in the mandible canal may result from a process of adaptation to various environmental and subsistence patterns as well as random drift by population size, network and isolation, leading to the development of regional frequency patterns [20] [21] [22] . Dimensional variability, eg., larger canal diameter and proximity to root apices, should be considered so as to avoid, or at least anticipate as high risk factors for inferior alveolar nerve injuries during the treatment planning and oral maxillofacial surgery [23] .
The present study was therefore aimed to quantitatively evaluate anatomical characters of mandibular neurovascular canals of humans and great apes. The crossing of information generated by intra-and inter-specific approaches may yield useful outcomes for clinical applications, anthropology and forensic dentistry.
Materials and Methods
The study sample consisted of 129 mandibles from modern humans (Homo sapiens; n=94), No statistically significant results were found for the categorical variables, although interesting findings could be observed in our sample. Bifid mandibular canals were anatomical variations that most frequently observed in the Gorilla (Table 2) . Neither a bifid canal nor an anterior loop could be observed in Chimpanzee (Table 2) . 
Discussion
This study evaluated anatomical variability of mandibular neurovascular canals between humans and non-human primates, including Chimpanzee and Gorilla groups.
With the obtained image quality, large differences were observed in the inter-specific analysis.
The largest bone width at anterior regions of Gorilla group was followed by the longest lingual canal and highest prevalence of lateral canals. More interestingly, no gorillas and just a few chimpanzees presented an incisive canal, whereas almost all modern humans showed the canal, which is in agreement with a previous study [27] . It is suggested that the highest prevalence of lateral canals in great apes, as well as the highest prevalence of incisive canal in modern humans might be related to some morphological and functional characteristics of those two different taxa, e.g. the superior transverse torus or simian shelf in great apes and a protruding osseum mentum or chin in anatomically modern humans.
In fact, the simian shelf, which is a lingual protuberance responsible to provide a more robust mandible, characterizes great apes' mandibles [28] . On the other hand, the chin is a feature unique to modern humans that was speculatively related to human speech ability, although others advanced hypotheses that it is decided by the functional and biomechanical significance of the mental protuberance [28] [29] [30] . In this way, the incisive canal might be related to the emergence of the mental protuberance in humans. According to another study [35] , modern humans, chimpanzees, orang-utans, and many other primates share the morphology of mandibular ramus which differs from that of gorillas, so that the gorilla anatomy must represent a unique condition with its appearance from an independently derived morphology. 
